
Thinning of the stratospheric ozone layer has resulted in increased levels of u.v.-B radiation (λ 320 nm) at the Earth's surface (Seckmeyer & McKenzie, 1992 ; Booth et al., 1994) . Consequently, at present there is widespread concern about the possible impact that increasing u.v.-B radiation might have on both terrestrial (Hashimoto, 1990) , and aquatic systems Bothwell, Sherbot & Pollock, 1994 ; Pre! zelin, Boucher & Smith, 1994) . However, as was recently pointed out by Franklin & Forster (1997) and , the literature on the effects of u.v.-B radiation on benthic algae is meagre. Previous studies have mainly focused on the effects of u.v.-B radiation on growth (Wood, 1987 ; Grobe & Murphy, 1994 ; Dring et al., 1996 a) , photosynthesis (Wood, 1989 ; Larkum & Wood, 1993 ; Clendennen et al., 1996 ; Dring et al., 1996 a, b ; Ha$ der, Herrmann & Regas, 1996 a ; Hanelt, Wiencke & Nultsch, 1997 b) , synthesis and accumulation of u.v.-B-absorbing compounds (Post & Larkum, 1993 ; Karsten et al., 1998 a, b) , and the recruitment and survival of gametophytes and young sporophytes (Wood, 1987 ; Graham, 1996) , though uptake of ammonium and nitrate have also been addressed (Do$ hler, Hagmeier & David, 1995) .
On a daily basis, strong sunlight at noon depresses photosynthetic activity and growth in marine macroalgae (Ramus & Rosenberg, 1980 ; Graham, 1996) . The principal conclusion has been that net photosynthesis is limited to a specific range of irradiances (Hanelt, 1996) . At low irradiances, the rate of photosynthesis may fall below the light-compensation point. At the other extreme, excessive radiation can damage the photosynthetic apparatus of cells (Henley, 1993) . In this context, studies carried out using several macroalgal species from Southern Spain firstly revealed photoinhibition of photosynthesis during the period of maximum solar radiation, around noon, and secondly, a high tolerance against excessive solar input. These photobiological adaptations are species-specific and depend on the level of solar radiation (both u.v. and PAR) , the lightharvesting antenna components, and the depth distribution of the algae (Ha$ der et al., 1996 (Ha$ der et al., b, 1997 Jime! nez et al., 1998) .
The aim of this work therefore was to increase our knowledge about the effects of u.v. radiation and the role of strong sunlight on the biology of macroalgae from Southern Spain. Specifically, the study was performed on the red macroalga Rissoella verruculosa (Bertoloni) J. Agardh (Gigartinales), which is endemic in the Mediterranean. In this species, blades of a maximum of 10 cm in length are present from winter to early summer, and survive the rest of the year as crusts in the upper part of the intertidal zone.
Here, the thalli are sometimes exposed to very high levels of solar radiation.
The experiments were carried out in sunny conditions in the field throughout a daily cycle of illumination. Ultraviolet radiation was removed by a cut-off filter and the effect of this on photosynthetic performance, pigment concentration and the activities of enzymes involved in uptake of inorganic C and N, was evaluated by comparison with the alga under full-spectrum solar radiation.
  

Algal material and sampling site
Samples of Rissoella verruculosa (Bertoloni) J. Agardh were collected at Marina del Este (coast of Granada, Southern Spain ; 03m 13h W, 36m 44h N) from an upper intertidal population at the western limit of the geographical distribution of the species (Conde et al., 1996) , on 24 June 1997. Throughout the text, all times are shown as local time, which at that time of year was 2 h ahead of solar time.
Typical values of a number of biomass relationships and the elemental composition of the alga are shown in Table 1 . Dry weight measurements were carried out after dehydration of samples at 105 mC for 24 h. The surface area values were obtained by tracing the outline of the blade onto paper with a known surface-to-weight ratio. The outlines were then cut out and weighed. Samples for elemental analysis were maintained in liquid nitrogen until analysis. Total C and N were measured with a Perkin Elmer2 240C elemental analyser.
Around 200 randomly selected blades were detached from the substrata 1 h before sunrise, and kept in two 25-l white polyvinylchloride tanks (100 blades per tank) in natural sea water from the collection site. The tanks were placed close to the attachment site of the alga, in an unshaded place. To avoid nutrient depletion and changes in temperature in the tanks, sea water was renewed completely every 30 min. In order to cut off u.v.-A (λ l 315-400 nm) and u.v.-B radiation, one of the tanks was covered with an Ultraphan2 filter (Digefra GmbH, Munich, Germany) with transmission only at λ 395 nm. This filter decreased the irradiance by c. 10 % over the PAR waveband. The irradiance in the other tank (full solar radiation treatment : PARju.v.-Aju.v.-B) was therefore also decreased by 10 % with an Ultraphan filter with transmission at λ 295 nm. The spectral transmission characteristics of the cutoff filters were shown in . To avoid any lens effect caused by water droplets, the filters were positioned below the water level in the tanks.
Measurements of natural solar radiation and temperature
Daily changes in solar irradiance at the sampling site was measured using a PUV 510 radiometer (Biospherical Instruments Company, USA 
In vivo measurements of Chl a fluorescence
Chlorophyll fluorescence was measured using a portable pulse amplitude modulated PAM-2000 fluorometer (Walz, Effeltrich, Germany) following Schreiber, Schliwa & Bilger (1986) . As described by Hanelt et al. (1997 b) , the optimal or potential quantum efficiency (F v \F m ) was measured in thalli exposed to darkness for 15 min. In this equation, F v is the variable fluorescence, defined as the difference between the initial fluorescence F o (when all PS II centres are reduced), and the maximal fluorescence F m (when all PS II centres are oxidized) of a darkadapted plant.
Photochemical and non-photochemical quenching of fluorescence were determined in order to obtain an insight into the decrease of maximal yield and into the energy dissipation during photosynthesis. Photochemical quenching is defined as
and is an indicator of the use of energy by the photosynthetic apparatus. Non-photochemical quenching is defined as
and is a slower process that can, in part, be associated with energization of the thylakoid membrane (Schreiber et al., 1995) . For these equations, F m h , F t and F o h , are defined respectively as the maximal, the actual and the minimal fluorescence of a lightadapted plant.
In order to relate these fluorescence parameters to the intensity of the actinic irradiance (red-lightemitting diode with λ max l 650 nm), thalli were exposed to a gradient of increasing irradiances between 1 and 375 µmol m −# s −" at intervals of 30 s each. The relative electron transport rate was then estimated by multiplying the effective quantum yield of PS II photochemistry (Φ PS II , defined as (F m h k F t )\F m h ) by the respective irradiance. In each case, the measuring chambers were supplied with natural sea water at a temperature similar to natural conditions in the field.
Oxygen exchange measurements
Rates of light-saturated photosynthesis (P max ) and dark respiration in water were determined as O # exchange, using a Clark-type electrode YSI 5331 (Yellow Springs Instruments Co., Ohio, USA). Healthy thalli (10-20 mg f. wt) were incubated in natural sea water in a 9-ml chamber maintained at 19p0n1 mC, a temperature similar to that in sea water. Gentle stirring was provided by a magnetic stirrer. In preliminary experiments (data not shown) it was found that the irradiance onset saturation parameter was reached at around 600-700 µmol m −# s −" PAR, and that no photoinhibition was seen in short-term experiments, even at 3000 µmol m −# s −" PAR. Therefore, to measure P max the reaction chamber was illuminated with 1000 µmol m −# s −" PAR provided by a slide projector. For estimation of DR, the chamber was covered with two layers of aluminium foil. Both P max and DR were obtained when the O # concentration changed linearly as a function of time (5-10 min).
Carbon dioxide exchange measurements
Rates of net photosynthesis in air (simulating emersion conditions) were determined using a portable open circuit infrared gas analyser (IRGA) ADC LCA4 (Analytical Development Company, UK) associated with an ADC Portable Leaf Chamber designed to accommodate leaves up to 6n25 cm# in surface area. Sea water was removed by blotting the thalli between two sheets of absorbent paper. In the IRGA, the r.h. and the internal air flow were fixed at 50 % and 150 ml min −" , respectively. The air temperature in the leaf chamber varied from 18 to 22 mC. Fresh reference air was provided from an intake at 4 m above ground level.
Analysis of photosynthetic pigments
Samples were maintained in liquid nitrogen during the field work. After grinding the thalli in a mortar, Chl a was extracted with 90 % (v\v) pH-neutralized (MgCO $ ) acetone for 24 h at 4 mC in the dark, after which the concentration was determined spectrophotometrically using the equation of Jeffrey & Humphrey (1975) . Phycoerythrin and phycocyanin were extracted at 4 mC in 0n1  phosphate buffer (pH 6n5) containing 10 m EDTA-Na # and 4 m phenyl-methyl-sulphonyl-fluoride. Phycobilin concentration were determined spectrophotometrically using the equations of Beer & Eshel (1985) .
Determination of nitrate reductase activity
Samples for assay of NR (E.C. 1;6;6;1) were maintained in liquid nitrogen during the field work. Nitrate reductase activity was determined as described by Corzo & Niell (1991) . Samples of c. 0n15 g f. wt were incubated for 30 min at 30 mC in a solution containing 0n3  KNO $ and 0n5 m glucose. The alga was removed from the assay medium, which was then frozen in liquid nitrogen. After thawing at room temperature, the concentration of NO # − was determined colorimetrically, by adding 1 ml of extract to 1 ml of N-Nh-1 naphthylethylene diamine and 1 ml of sulphanilamide (Snell & Snell, 1949) .
Determination of carbonic anhydrase activity
Total CA (E.C. 4;2;1;1) activity was measured in the laboratory using algal material previously stored in liquid nitrogen in the field. The determination followed the potentiomentric method described by Haglund et al. (1992) , which consists of determining the time taken for a linear drop of pH from 8n5 to 7n5 at 0-2 mC. From the stored algal stock, samples of 10-20 mg f. wt were thawed at room temperature, ground in a mortar and then transferred to a cuvette containing 3 ml of buffer (50 m Tris, 25 m isoascorbic acid, 5 m EDTA ; pH 9n0). The reaction was started by introducing 1 ml of ice-cold CO # -saturated distilled water, obtained by sparging the water with pure CO # . Relative enzyme activity (REA) was calculated as (t ! \t c )k1, where t o and t c were the time for pH change of the non-catalysed (buffer only) and the catalysed (extract) reactions, respectively.
Statistical analysis
Data were compared by two-way (time of day and solar radiation) model I . Homogeneity of variances was assessed by the F max -test (in experiment with n 5 replications) or the Barlett's test (in experiments with n 6 replications). To decrease heterogeneity among variances and their correlations with the means, the logarithmic transformation was used for net O # production and carbon assimilation. Pairwise comparisons between treatments were performed only after significant , using the  calculated at a 95 % confidence level. All the statistical tests were performed in accordance with Sokal & Rohlf (1995) .

Solar radiation and temperature of air and sea water
Ultraviolet A radiation, measured at 320 and 380 nm, increased respectively from 0n028 and 0n123 W m −# at 0800 hours to 0n318 and 0n781 W m −# around 1400 hours (Fig. 1 a) . For clarity, the measurements at 340 nm are not shown in Figure 1 a, but these showed a similar pattern to those at 320 and 380 mn, increasing from 0n081 W m −# at 0800 hours to 0n552 W m −# around 1400 hours. In the case of u.v.-B radiation measured at 305 nm, a maximum of 0n053 W m −# occurred also at around 1400 hours. However, the pattern of increase during the morning followed a different course. The period of linear increase in radiation at 305 nm occurred about 2n5 h later than that in u.v.-A (Fig. 1 a) . Photosynthetically active radiation (Fig. 1 b) varied in a similar way to u.v.-A, with a maximum close to 2350 µmol m −# s −" . Partial cloud cover during the afternoon caused marked variation in incident solar radiation during the second half of the day (Fig. 1 a, b) . As a consequence, this was 10-20 % lower in the afternoon than in the morning. Daily doses of solar radiation measured on the same day in Ma! laga (located about 100 km in distance but at the same latitude as the experimental site) were 9228n25, 1109n70 and 13n03 kJ m −# for PAR, u.v.-A and u.v.-B, respectively.
The temperature of the air changed throughout the day in parallel with the change in solar radiation, increasing from 18n2 mC in early morning to an overall mean of 27n4p0n3 mC between 1430 hours and 1630 hours, and then declining throughout the afternoon. The temperature of the sea water did not change significantly throughout the day, with an overall mean value of 19n5p0n1 mC. 
PAM fluorescence, photosynthesis and respiration
In the early morning, the initial fluorescence of thalli under full-spectrum sunlight showed a value close to 0n35 relative units for F v \F m (Fig. 2) . Later, a significant (P 0n001) decrease of F v \F m during the course of the day was observed under both PAR and PARju.v.-Aju.v.-B, with no significant difference between the two conditions of solar radiation. Inhibition of photosynthesis took place gradually, with minimum values at 1600 hours (P 0n05 ; ). Photochemical and non-photochemical quenching did not change significantly in relation to solar radiation or time of day (Fig. 3 a, b) . It must, however, be emphasized that after 1 h of exposure to either PAR alone or PARju.v.-Aju.v.-B, a marked increased in qN was observed. Afterwards, values were high and constant. Like F v \F m , the photoinhibitory effect of solar radiation at noon was also reflected in decreasing relative ETR (Fig. 4) . In general, ETR followed a linear pattern at photon irradiances between 0 and 100 µmol m −# s −" of PAR. However, after 7 h of exposure to solar radiation (1600 hours local time), a rapid saturation of ETR with increasing irradiances was observed. Moreover, when the initial slope of each ETR vs. irradiance curve (an estimator of the efficiency of ETR) was plotted against time of day, a clear photoinhibition at midday, followed by a slight recovery during the afternoon, could be demonstrated (Fig. 5) .
Light-saturated photosynthetic rate (an estimator of photosynthetic capacity), measured as O # exchange, had a clear daily variation (P 0n001). However no significant differences were seen between the two conditions of solar radiation (Fig. 6 a) . Net O # production was strongly depressed during the earliest time of day, from an initial value of 0n8 µmol O # g −" f. wt min −" at 0900 hours to a minimum close to 0n2 µmol O # g −" f. wt min −" at 1400 hours. In contrast to the slight recovery of fluorescence quantum yield during the evening, light-saturated O # production recovered strongly after 1400 hours, increasing by 2000 hours to values similar to those measured during the morning (Fig. 6 a) .
The rate of respiration measured in the dark did not show marked changes during the course of the day and was similar in the absence or presence of u.v. radiation, with values oscillating between 0n4 and 0n6 µmol O # g −" f. wt min −" (Fig. 6 b) . These constant DR values, coupled to the decrease in net O # production at noon, led to a low P max : DR ratio close to 0n4, which underlines a low C balance during this period.
The DR results agreed with the negative value for C assimilation measured in air between 1200 and 1600 hours (Fig. 7) . Here, the balance of CO # assimilation changed throughout the day (P 0n001), being positive only in the early morning (0900-1000 hours) and late afternoon (1800-2000 hours). By contrast, during the period of highest irradiances, around midday, no net C assimilation was measured. The negative budget in C assimilation during this period was also significantly greater in thalli exposed to u.v. radiation than in thalli receiving only PAR (P 0n05 ; ) (Fig. 7) .
Photosynthetic pigments
The concentrations of photosynthetic pigments did not show significant differences between the two solar radiation conditions, but a clear daily variation was detected (P 0n001 for the three pigments). Chlorophyll a showed a maximum concentration at 1200 hours and a second one at 1800 hours, whereas the minimum values, c. 4 mg g −" d. wt, were measured at 1400 hours (Fig. 8 a) , coinciding with maximum irradiance (Fig. 1 a, b) . The PE and PC contents (Fig. 8 b, c) showed a different pattern during the morning, with values decreasing from 0900 hours to 1400 hours. Phycoerythrin and PC both reached the highest concentration around 1600 hours.
Nitrate reductase and carbonic anhydrase activities
There were significant differences in NR activity between the solar radiation treatments (P 0n05) and also in relation to the time of exposure to solar radiation (P 0n001). Thalli exposed under full solar radiation (PARju.v.-Aju.v.-B) and without any u.v. radiation (PAR alone) showed an opposite response after 1400 hours (Fig. 9 a) . In the former, NR activity showed low values until 1400 hours followed by a rise in activity to a maximum value around 1800 hours. Thalli exposed to PAR alone showed a decrease in NR activity at 1600 hours and a much later increase around 2000 hours (Fig. 9 a) . Significant differences were also found in CA activity between the two solar radiation conditions (P 0n05) and throughout the day (P 0n01). A decrease in CA activity during the day was observed in thalli exposed to PAR radiation (without u.v. radiation). On the other hand, CA activity in thalli exposed to full solar radiation showed a bimodal response, increasing from 1000 to 1400 hours and again from 1600 to 2000 hours (Fig. 9 b) . Thus, CA activity was stimulated when u.v. radiation was present.

From these results, a clear differential effect of solar u.v. radiation on the photosynthetic performance (based on both PAM fluorescence and O # evolution) and pigment content of R. verruculosa could be rejected. On the other hand, a more important photoinhibitory effect of u.v. radiation on CO # assimilation (determined by IRGA analysis) could be demonstrated. In addition, the activities of the enzymes involved in inorganic C and N uptake varied throughout the day and were different in the presence or absence of solar u.v. radiation.
The measurements of optimal quantum efficiency F v \F m indicate that exposure to increasing solar radiation causes a strong photoinhibition of photosynthesis. The low recovery of F v \F m during the afternoon suggests chronic photoinhibition rather than dynamic photoinhibition. However, the re-covery of net O # -based P max and CO # assimilation during the afternoon indicates a dynamic photoinhibition. During the early hours of daylight, rapid dissipation of energy by thermal radiation was induced within PS II, as demonstrated by the rapid increase in qN. If photo-damage occurred, then the D1 protein from the reaction centre core could be degraded, which would cause a decrease in the quantum efficiency of PS II (Schnettger et al., 1994 ; Hanelt et al., 1997 b) . Another explanation might be that solar radiation caused a decline in energy transfer to the reaction centres due to a detachment of the light-harvesting antenna, as has been suggested by Krause (1988) . The decline in the estimated efficiency of electron transport observed in this study might also be in agreement with an interpretation in which photo-damage also affected the light-harvesting system.
The degree to which u.v. radiation affects photosynthetic performance over a daily cycle is speciesdependent. For example, in Arctic macroalgae, Hanelt et al. (1997 b) found that unfiltered solar radiation had a photoinhibitory effect and that u.v. radiation delayed recovery of photosynthesis in the afternoon. In contrast, no daily changes in F v \F m or Φ PSII were observed in the Mediterranean supralittoral red alga Porphyra leucosticta under PAR radiation, whereas the same Φ PS II was sensitive to exposure to full solar radiation . Other Mediterranean species such as the brown alga Padina pavonica (Ha$ er et al., 1996 b) and the red alga Corallina elongata show a significant decline in Φ PS II under noon and afternoon unfiltered solar radiation. A recent study of four red algae from Southern Spain confirms that photoinhibition of photosynthesis is a common characteristic of these organisms. However, the harmful effects of solar radiation are more pronounced and long-lasting in shade-adapted species transplanted close to the sea surface than in their counterparts growing in the upper littoral levels (Jime! nez et al., 1998) . In our study, u.v. radiation impaired photosynthesis in a similar way to PAR and in both treatments no recovery of F v \F m was seen. This contrasted with the recovery measured for net O # production and CO # assimilation in air. In any case, since F v \F m had high values at dawn, full recovery of this ratio probably occurs during the night, as has been reported for other macroalgal species (Ha$ der et al., 1996 b ; Hanelt et al., 1997 b) .
Although a great amount of energy was, presumably, released as heat as a consequence of the decrease in PS II efficiency, photosynthetic electron transport was maintained at a rate sufficient to maintain C assimilation. This strategy may be expected in species adapted to high light such as R. verruculosa, which grows in the upper part of the intertidal zone under noon solar radiation of c. 2000 µmol m −" s −" in early summer. Thus, an effective mechanism for energy dissipation allows it to cope with the elevated radiant energy during the day without affecting the energy supply for metabolic processes.
The high C : N ratio of the alga suggests that its growth could be N-limited as a result of the depletion of NO $ − in surface sea water, which occurs in summer in temperate oceans (Lobban & Harrison, 1994) . When starved of NO $ − , the photosynthetic capacity of the red alga Gracilaria tikvahiae was decreased under conditions of light saturation, presumably due to a decrease in the turnover of critical proteins of the photosynthetic apparatus (Lapointe & Duke, 1984) . This could also occur in R. verruculosa, but no differences in nutritional status between the two stocks of alga (with and without solar u.v. radiation) was seen in these experiments. Thus, any difference between the two solar radiation conditions must be attributed only to the irradiance treatment.
High doses of PAR (close to 9200 kJ m −# ) suggest that R. verruculosa does not suffer light limitation for growth of blades. Nevertheless, the onset of blade elongation occurs between winter and early summer. This might be associated with a strategy to avoid exposure of young developmental stages to lethal PAR u.v. radiation during summer. In the sporophytes of the brown alga Laminaria saccharina, tolerance towards light stress increased significantly with increasing age and size of thalli , indicating that developmental changes (which include increases in cell layers and thickness) can promote photoprotection mainly as a result of self-shading and multiple light-scattering (Dring et al., 1996 a) . Such considerations also appear to be relevant when u.v. dose is considered. Franklin & Forster (1997) stressed that high doses of u.v. radiation, especially of u.v.-B, which are effective in causing photodamage in isolated organelles, might not be enough to affect performance of the whole thallus in the field. For example, we found that photosynthetic capacity (P max ) was inhibited by c. 55 % under a dose of u.v.-A and u.v.-B close to 11 kJ m −# at 380 nm and 0n5 kJ m −# at 305 nm, respectively, during the first half of the day (after c. 6 h of light). However, these cumulative irradiances did not permanently affect photosynthesis, which later recovered. Similar results were found for Laminaria digitata from Helgoland (North Sea), adapted to low light, whose photosynthetic capacity decreased by 60 % after several h of exposure to 1 kJ m −# u.v.-A and 0n036 kJ m −# u.v.-B (Forster & Lu$ ning, 1996) . Although, no evidence for recovery of P max was presented, these authors predicted that the biologically effective dose for total inhibition of P max , which was calculated from a weighing function of Jones & Kok (1966) , would be close to 36 kJ m −# for 1 h under full-spectrum solar radiation. This value is much lower than the unweighed dose ( 1300 kJ m −# ) reaching Mediterranean shallowwaters during a typical summer day (Pe! rezRodrı! guez et al., unpublished). Hence, R. verruculosa can be expected to have very effective mechanisms of photoprotection from solar radiation compared with algae from regions where prevailing solar radiation is less intense.
Mechanisms by which algae cope with enhanced PAR and u.v. radiation might include synthesis of screening substances absorbing at short wavelengths, as has been shown in cyanobacteria (Garcı! a-Pichel & Castenholz, 1993) and several algal groups (Karentz et al., 1991 ; Karsten et al., 1998 a, b) . Specifically, intertidal species have higher concentrations of mycosporine-like amino acids (MAAs) than do those growing in deep-water. Moreover, red algae have higher concentrations of MAAs than do either green or brown algae. Species from Southern Spain contain more MAAs than do algae from Helgoland (North Sea) or the Arctic Ocean (Karsten et al., 1998 b) . At present, however, there are no data on the presence of these u.v.-absorbing compounds in R. verruculosa.
The probability that enzyme activities are a target of u.v. radiation in macroalgae has been largely overlooked (Franklin & Forster, 1997) . Monitoring of NR and CA activities was incorporated into this study therefore in order to learn more about daily changes in their activities under light stress. Although the data are not conclusive, some trends may be outlined. For example, total CA activity decreased gradually over the day in thalli exposed to PAR alone, whereas under full solar radiation values tended to increase in the afternoon, in parallel with an increase in NR activity. It can be speculated that the increase in total CA activity during the first half of the day could function to increase the supply of C skeletons. These skeletons, coupled with subsequent increased NR activity, could explain the increases in phycobilins during the afternoon. Subsequently, as available internal sources of C and N were depleted, an increase in the activities of CA and NR took place again. In general, NR activity in photosynthetic organisms is strongly light-dependent, peaking 6 and 8 h into the period of illumination (Gao, Smith & Alberte 1992) . For example, in the red alga Gracilaria tenuistipitata var. liui, NR activity follows a diurnal rhythm with highest values during day (Lopes, Oliveira & Colepicolo, 1997) . It is important to clarify that, in the present study, every effort was made in order to avoid additional nutrient depletion throughout the day. This included setting a high medium volume : biomass ratio in the tanks and full renovation of seawater every 30 min. Thus, a stimulation of NR activity due to NO $ − depletion seems unlikely. It nevertheless remains unclear whether short wavelengths act as signals in the activation or deactivation of C and nutrient uptake. According to Do$ hler et al. (1995) , u.v. radiation affects nutrient uptake and N-metabolism in different species of macroalgae, so it is reasonable to argue that the activities of enzymes in R. verruculosa might be affected during light stress. Undoubtedly, a lot of efforts will have to be expended in order to understand fully the role of u.v. radiation on enzyme activity, and the daily acclimation of this activity in algae growing under extreme light conditions.
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